Early thrombolytic therapy after acute myocardial infarction is important in reducing mortality. To evaluate a system for reducing in-hospital delays to thrombolysis pain to needle and door to needle times to thrombolysis were audited in a major accident and emergency (A and E) department of a district general hospital and its coronary care unit (CCU), situated about 5 km away. Baseline performance over six months was assessed retrospectively from notes of 43 consecutive patients (group 1) transferred to the CCU before receiving thrombolysis. Subsequently, selected patients (23) were allowed to receive thrombolysis in the A and E department before transfer to the CCU. The agent was administered by medical staff in the department after receiving oral confirmation of myocardial infarction from the admitting medical officer in the CCU on receipt of fax transmission of the electrocardiogram. A second prospective audit during six months from the start of the new procedure established time intervals in 23 patients eligible to receive thrombolysis in the A and E department (group 2b) and 30 ineligible patients who received thrombolysis in the CCU (group 2a). The groups did not differ significantly in case mix, pre-hospital delay, or transfer time to the CCU. In group 2b door to needle time and pain to needle time were reduced significantly (geometric mean 38 min v 121 min (group 2a) and 128 min (group 1); 141 min v 237 min (group 2a) and 242 min (group 1) respectively, both p < 00001). The incidence of adverse effects was not significantly different. Nine deaths occurred (six in group 1, three in group 2b), an in-hospital mortality of 9.9%. Thrombolysis can be safely instituted in the A and E department in selected patients, significantly reducing delay to treatment.
Introduction
The importance of early administration of a thrombolytic agent after myocardial infarction is well established. The sooner that thrombolysis can be established, the greater the reduction in morbidity and mortality. ' 2 Recent large studies showed no significant advantage of any one agent over another' 4; therefore, the main priority must be a reduction in the delay between the onset of chest pain and administration of the agent.
Significant loss of time often occurs in the prehospital phase, when an interval of four to six hours may elapse before the patient is seen by a doctor.5 This may be due to the patient's reluctance or inability to call for medical help. Education programmes for the public have achieved only limited success in reducing these delays. 6 Some studies showed that thrombolytic therapy can be safely administered in the prehospital situation with potential time savings of about 60 minutes compared with treatment in hospital.7 However, until recently the available guidelines have recommended that the decision to administer a thrombolytic agent should be taken after transfer to hospital.8 Self referral and admission by emergency ambulance to the nearest accident and emergency (A and E) department save time when compared with calling a general practitioner.' After admission to an A and E department a "fast track" triage system for certain categories of patients minimises delays in hospital. "Door to needle time" can be reduced to a median of 17 of the day, and advice was obtainable by telephone out of hours.
The first choice thrombolytic agent was streptokinase (1L5 Mu), delivered with an infusion pump over one hour. Recombinant tissue plasminogen activator (RTPA) was used when the patient had been treated with streptokinase between five days and one year previously. Supplies of both streptokinase and RTPA were held in the resuscitation area. Fax machines are located within the department and in the CCU. AUDIT 2 We
Not all patients in the second audit group received the thrombolytic agent in the A and E department because of the requirement for a good history suggesting myocardial infarction and a diagnostic electrocardiogram. It was agreed between all parties that this new approach to administering thrombolysis required that treatment in the A and E department should be confined to those subgroups of patients known to benefit from early thrombolytic therapythat is, patients with recent onset of chest pain and ST elevation or left bundle branch block on electrocardiography. Those patients who fell outside these criteria were rapidly transferred to the CCU, where the decision on thrombolytic therapy was made at the discretion of the Severity of myocardial infarction and intervals to thrombolytic therapy resident medical officer. Initially we used an upper age limit of 75 years for patients whose thrombolysis was to be initiated in the department, but later this was abolished because of recent reports of favourable riskbenefit analyses of thrombolysis in elderly patients.'2 13 Transfers of patients between the department and the CCU were carried out by advanced trained ambulance crews, usually without medical staff in attendance.
TIME VARIABLES
Pre-hospital delay refers to the time from onset of chest pain to arrival in the A and E department. The A and E to CCU interval is the time from arrival in the department to the arrival in the CCU. The door to needle time is the interval from arrival in the A and E department to starting infusion of the thrombolytic agent,'0 and finally, the "pain to needle time" is the sum of the pre-hospital delay and the door to needle time. 
Results

CASE MIX AND TIME VARIABLES
The three study groups did not differ significantly in terms of patient characteristics or site or severity of myocardial infarction (table) . Prehospital delays were similar in all groups, and the time taken for transfer between the A and E department and the CCU was also similar. For patients eligible to receive the thrombolytic treatment in the department (group 2b), however, there were highly significant savings in the door to needle and pain to needle times; door to needle times were reduced by two thirds to a mean of 38 minutes (table) .
ADVERSE EVENTS
Very few technical difficulties were associated with administering thrombolytic agents in the A and E department before transfer. Generally, the electrocardiograms transmitted by fax were rapidly received by the admitting medical officer, and all were regarded as being of diagnostic quality. The first few patients in group 2b received streptokinase in a 100 ml bag of saline through a giving set over one hour. In subsequent patients streptokinase was delivered through a 60 ml syringe driver. Syringe drivers had been purchased in order to improve the precision of delivery, but in practice no line failures occurred in transit with either method of administration.
Adverse events for which the likely cause was the thrombolytic treatment included arrhythmias (23% of patients), symptomatic hypotension (8%), bleeding or bruising (40/o), and flushing (2%). The arrhythmias documented were sinus tachycardia and bradycardias, short runs of ventricular tachycardia or atrial fibrillation, and idioventricular rhythms and nodal rhythms. These were recorded within six hours of the infusion. Hypotension and flushing occurred at the time of the infusion and were recorded if they were sufficiently severe to cause the infusion to be slowed or stopped. Only one adverse event, an episode of hypotension, occurred in the A and E department. The thrombolytic agent was discontinued and the patient transferred immediately to the CCU with a doctor in attendance during ambulance transfer. No adverse events were recorded during transit for any patient. Bleeding or bruising noted within seven days was also noted. Some patients had more than one adverse event. The incidence of adverse events was not significantly different between the groups.
More serious complications included ten cases (23%) of dangerous arrhythmia (prolonged ventricular tachycardia, ventricular fibrillation, complete heart block) in group 1, 10 (33%) in group 2a, and five (22%) in group 2b. The incidence of heart failure in the three groups was 13 (30%), five (17%), and five (22%) cases respectively. No severe adverse events occurred during transit in patients in group 2b. All severe adverse events occurred later in the CCU.
Two patients who had received streptokinase, both in group 2b had strokes, both non-haemorrhagic. There were nine deaths, six in group 1 and three in group 2b; overall mortality in hospital was therefore 9-9%.
Prescription of thrombolytic agents to patients who were subsequently shown not to have had myocardial infarction was seen in nine patients (2 1O%) in group 1, eight (27%) in group 2a, and three (1 3%) in group 2b (p = 0 4).
Discussion
The split site arrangement in Stockport makes it impossible for patients to be seen rapidly in the A and E department by the admitting resident. For thrombolysis to be initiated in the department the responsibility must fall to the casualty officer. We addressed the problem of casualty officers interpreting electrocardiograms by the use of a fax machine, located in the A and E department, to transmit the trace to the CCU where it is read by the resident. We used the audit process to determine the efficiency and safety of this system.
Clinical audit has been recommended as a means of reducing in-hospital delays to thrombolysis. '5 This study represents an appropriate model for the audit cycle in that a problem was identified, a change was instituted, and the results of that change were then evaluated. This study has small numbers of patients eligible to receive a thrombolytic agent in the A and E department. This reflects the strict criteria for admission to this group and could be improved by relaxing the admission criteria. Though it cannot be concluded from our study that time savings of this order (about one hour and 20 minutes) will have an impact on mortality, the reductions achieved in pain to needle times were similar to those reported in a recent study of pre-hospital treatment which did lead to improved mortality and morbidity.'6 Our present study therefore represents an audit of a process of treatment that is known to reduce mortality.
The system of thrombolysis initiated in the A and E department is applicable not only when the CCU is located separately from the department but also when no CCU bed is available or when the admitting medical officer is unable to attend the department rapidly because of urgent commitments elsewhere. Fax transmission of the electrocardiogram allows the medical or cardiology service to maintain overall control, thereby reducing the likelihood of incorrect diagnosis. Our study showed that the system is efficient, electrocardiograms of diagnostic quality are received without delay by the admitting medical officer, and the decision to commence thrombolysis is quickly communicated back to the casualty officer by telephone. The incidence of inappropriate prescription of thrombolytic agents was seen less frequently in group 2b than in the other two groups, again reflecting the strict criteria for admission to this group.
On the question of adverse events we noted predictable episodes, such as hypotension and minor bleeding, although these were infrequent and generally not clinically significant. The commonest adverse event was arrhythmia; however, it is impossible to say whether the disturbances in rhythm observed were due to reperfusion or to acute myocardial ischaemia. Arrhythmia induced by thrombolysis may be less common than previously appreciated,'7 and, when it does occur, tends to be benign and self limiting.
The system of thrombolysis we have described is now used regularly and subject to further auditing periodically. We predict that such significant reductions in delays to thrombolysis will impact on mortality from myocardial infarction in Stockport.
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